Electronic Version 
Stylesheet Version vl.1.1 

Description 

PROCESS FOR PREPARING 
IODOAROMATIC COMPOUNDS AND 

USING THE SAME 

Background of the Invention 
Field of Invention 

[0001] This invention relates to processes for preparing iodoaro- 

matic compounds. This invention further relates to the 

use of iodoaromatic compounds in the formation of tri- 

arylamine hole transport small molecules, which may be 

used in electrophotography. 
Description of Related Art 

[0002] Electrophotographic imaging members (i.e. photorecep- 
tors) are well known. Electrophotographic imaging mem- 
bers are commonly used in electrophotographic 
(xerographic) processes and may comprise a photocon- 
ductive layer including a single layer or composite layers. 
These electrophotographic imaging members take many 



different forms. For example, layered photoresponsive 
imaging members, such as those described in U.S. Patent 
4,265,990 to Stolka et al., which is incorporated by refer- 
ence in its entirety, are known in the art. 

[0003] M 0re advanced photoconductive photoreceptors contain- 
ing highly specialized component layers are also known. 
For example, a multilayered photoreceptor employed in 
electrophotographic imaging systems sometimes includes 
one or more of a substrate, an undercoating layer, an in- 
termediate layer, an optional hole or charge blocking 
layer, a charge generating layer over an undercoating 
layer and/or a blocking layer, and a charge transport layer 
(including a charge transport material in a binder). Addi- 
tional layers such as one or more overcoating layer or lay- 
ers are also sometimes included. 

[0004] various compounds are known for their uses as charge 

transporting materials, including hole transporting mate- 
rials, in charge transporting layers of electrophotographic 
apparatuses, including pyrazoline compounds such as 
those disclosed in JP-B-37-10696, triarylamine com- 
pounds such as those disclosed in U.S. Patent No. 
3,180,730 to Klupfel et al., stilbene compounds as dis- 
closed in published unexamined Japanese Patent Applica- 



tion JP-A-58-198043, hydrazone compounds as disclosed 
in JP-B-55-42380, oxadiazone compounds as disclosed in 
JP-B-34-5466, butadiene compounds as disclosed in 
published unexamined Japanese Patent Application JP- 
A-63-3 14554, and so on, are known. Among these com- 
pounds, triarylamine compounds are of particular impor- 
tance, in view of high charge-transporting and hole- 
transporting ability (mobility), and various triarylamine 
compounds have been disclosed, e.g., in JP-A-1-280763, 
JP-A-2-178666, JP-A-2-178667, JP-A-2-178668, JP- 
A-2-178669, JP-A-2-178670, JP-A-2-190862, JP- 
A-2-190863, JP-A-2-230255, JP-A-3-78755, JP- 
A-3-78756, JP-A-3-78757, JP-A-3-114058, JP- 
A-4-133064, JP-A-4-193852, JP-A-4-312558, JP- 
A-5-19509JP-A-5-80550, and JP-A-5-313386. 
[0005] it is generally known that triarylamine compounds can be 
synthesized by coupling an arylamine compound with an 
aryl halide, usually an aryl bromide or an aryl iodide, us- 
ing a copper catalyst. Aryl iodides are preferred due to the 
low reactivity of aryl bromides during tertiary amine for- 
mation. 

[0006] Typically, large-scale production of triarylamine small 

molecules is accomplished by use of an Ullmann conden- 



sation reaction, such as those illustrated in reaction 
schemes (1) and (2): 
[0007] [insert Chem 




ical Drawing (1)] 
[0008] [insert Chemical 




H 3 C H,C 



Drawing (2)] 

[0009] The use of Ullmann condensation reactions in the produc- 
tion of tertiary amines, specifically triarylamines, is de- 
scribed in detail in, for example, U.S. Patent 4,764,625 to 
Turner, et al., the entire disclosure of which is incorpo- 
rated herein by reference. 

[0010] in such Ullmann condensation reactions, aromatic halides, 
such as aryl iodides, are reacted with aromatic amine 
compounds in the presence of a base, a copper catalyst 



and, optionally, an inert solvent. Aromatic iodides possess 
a much higher reactivity than other aromatic halides in 
these reactions. Typically, aryl iodides have higher kinetic 
rates of product formation than other aromatic halides, as 
illustrated by the reduced reaction times necessary to 
produce higher yields of highly pure products than with 
other aromatic halides. Thus, aryl iodides are key sub- 
strates in the Ullmann condensation reactions traditionally 
used to manufacture triarylamine hole transport small 
molecules. 

[0011] However, the benefits of using aryl iodides to form triary- 
lamines by Ullmann condensation are not without cost. 
Aryl iodides are generally more expensive than aryl bro- 
mides or aryl chlorides. 

[0012] The formation of aryliodides by iodinating an aromatic 

compound with a sulfuric acid catalyst in a mixed water/ 

acetic acid solvent, using iodic acid and iodine, as shown 

in Ann., 634, 84 (1960) is known, as exemplified by the 

iodination of biphenyl in reaction scheme (3). Reaction 

scheme (3) represents a common, currently employed 

manufacturing method for 4-iodobiphenyl. 
[0013] [| nsert 



HIQ 4 



Chemical Drawing (3)] 

[0014] | n t his reaction, biphenyl is iodinated by a hypervalent io- 
dine species, prepared from elemental iodine and periodic 
acid in a strongly acidic solution. Preparation of mono- 
iodo compound by this method is difficult, at least be- 
cause over-iodination occurs. In the reaction scheme (3) 
above, the reaction mixture contains starting material, 
4-iodobiphenyl, and 1,4-diiodobiphenyl. In order to pre- 
pare the mono-iodo compound for use in an Ullmann 
condensation, extensive purification by recrystallization is 
necessary, and yields of only about 60% can be obtained. 

[0015] lodination with periodic acid is carried out with ease. 

However the reaction selectivity is low. The reaction prod- 
uct is a mixture of monoiodo and diiodo compounds. 
When a subsequent amination reaction is carried out us- 
ing this mixture, the reaction product after amination also 
comprises a mixture. Since impurities in the amination 
product have detrimental effects on the electrical charac- 
teristics of the charge transport material, purification of 
the product is required. The molecular weight of the im- 



purities is large enough to render purification by distilla- 
tion, etc., impractical. Thus, a very expensive purification 
method, such as a column purification, etc., must be 
used. In addition to the expense of iodine, a method in 
which many diiodo byproducts are formed is a costly pro- 
cess for preparing arylamine compounds. 

[0016] Also, the solubility of diiodo compounds is very low, the 
diiodo compound cannot be removed from the product by 
recrystallization, which may be easily incorporated into 
industrial operations at low cost. Therefore, for product 
mixtures containing about 10% or more of diiodo com- 
pounds, purification by distillation is required. 

[0017] The monoiodo compound, in contrast, has a high boiling 
point and a high melting point. For these reasons, high 
vacuum conditions are required in the distillation of 
monoiodo compound, and the product recovered by dis- 
tillation is apt to solidify and become difficult to handle. 
When the mixture to be subjected to distillation contains a 
large amount of diiodo compounds, distillation must be 
carried out multiple times. The purity of the product sub- 
jected to a single distillation is lowered by "splashing" of 
the distillation mixture, resulting in contamination of the 
distillation product by diiodo compounds. Thus, fractional 



distillation is required to purify the monoiodo product 
from a reaction mixture containing a large amount of di- 
iodo compounds. The more involved purification process 
complicates operation and increases manufacturing costs. 

[0018] Also, Ann., 634, 84 (1960) describes carrying out the iod- 
ination reaction in a saturated solution of an aromatic 
compound to increase the selectivity of monoiodo com- 
pound formation. This method, however, does not provide 
a low-cost product having sufficient purity as a raw mate- 
rial used for a charge transporting material. 

[0019] The present invention is provided to solve the problems 

described above. That is, the present invention provides a 

low cost route to iodoaromatic molecules, having high 

yields of highly pure monoiodo compounds, and thus a 

low cost route to triarylamine hole transport small 

molecules. 
Summary of the Invention 

[0020] The present invention provides a process for preparing 
mono-iodinated aromatic compounds having high purity 
with high yield and at low cost. 

[0021] Further, the present invention provides a process for 

preparing mono-iodinated aromatic compounds that are 
useful as intermediates for preparing charge transporting 



and hole transporting amino compounds. 

[0022] Specifically, this invention provides process for preparing 
an aryl iodide compound by reacting an aryl halide com- 
pound with a metal iodide, a metal catalyst and a catalyst 
coordinating ligand in at least one solvent to form an aryl 
iodide; and purifying the aryl iodide. 

[0023] This invention separably provides an aryl iodide com- 
pound prepared by reacting an aryl halide compound with 
a metal iodide, a metal catalyst and a catalyst coordinat- 
ing ligand in at least one solvent to form an aryl iodide; 
and purifying the aryl iodide. 

[0024] This invention separably provides a process for preparing 
a triarylamine compound by reacting an aryl halide com- 
pound with a metal iodide, a metal catalyst and a catalyst 
coordinating ligand in at least one solvent to form an aryl 
iodide; purifying the aryl iodide, reacting the aryl iodide 
with a diarylamine in the presence of potassium hydroxide 
and a copper catalyst in at least one solvent to form a tri- 
arylamine, and purifying the triarylamine. 

[0025] This invention separably provides a triarylamine com- 
pound prepared by reacting an aryl halide compound with 
a metal iodide, a metal catalyst and a catalyst coordinat- 
ing ligand in at least one solvent to form an aryl iodide; 



purifying the aryl iodide, reacting the aryl iodide with a 
diarylamine in the presence of potassium hydroxide and a 
copper catalyst in at least one solvent to form a triary- 
lamine, and purifying the triarylamine. 
[0026] This invention further separably provides a photoconduc- 
tive imaging member comprising a charge transport layer 
that comprises at least one triarylamine compound pre- 
pared by reacting an aryl halide compound with a metal 
iodide, a metal catalyst and a catalyst coordinating ligand 
in at least one solvent to form an aryl iodide; purifying the 
aryl iodide, reacting the aryl iodide with a diarylamine in 
the presence of potassium hydroxide and a copper cata- 
lyst in at least one solvent to form a triarylamine, and pu- 
rifying the triarylamine. 
Detailed Description of Preferred Embodiments 

[0027] The iodination reaction is carried out by a catalyzed halo- 
gen exchange reaction in which an aryl halide compound, 
a metal iodide, a catalyst and a catalyst coordinating lig- 
and are added to a solvent, and thereafter, the reaction 
mixture is heated. After the reaction mixture is cooled, 
the reaction product is isolated and may be used in 
preparation of triarylamine small molecules. 

[0028] The aryl portion of the aryl halide compound is not partic- 



ularly limited. The aryl portion may include, but is not 
limited to, benzyl, cyclopentadienyl, biphenyl, terphenyl, 
tolyl, naphthyl, anthryl, phenanthryl, pyryl, fluorenyl and 
the like. The aryl portion may include one or more sub- 
stituent group. Such substituents are not particularly lim- 
ited, and may include but are not limited to alkyl groups, 
alkoxy groups, amide groups, sulfonamide groups, indole 
groups, nitrile groups, ester groups, fluoride atoms and 
the like. The halide portion of the aryl halide may be a 
bromine or chlorine atom. 

[0029] The metal iodide used in the iodination reaction is not 
particularly limited. In particular, Group I and Group II 
metal iodides may be used, and Group I iodides, such as 
lithium iodide, sodium iodide and potassium iodide, are 
preferred. The metal iodide may be present in any effec- 
tive amount, but the metal iodide is generally present in 
excess, with respect to the aryl halide reactant. For exam- 
ple, the metal iodide may be present in an amount such 
that the ratio of iodine atoms to aryl halide reactant 
molecules is in the range of from about 1:1 to about 10:1, 
preferably in the range of from about 2:1 to about 5:1. 

[0030] As the catalyst in the iodination reaction, any suitable 

transition metal catalyst may be used. In particular, cop- 



per catalysts may be used as the catalyst for the iodina- 
tion reaction. Examples of copper catalysts include but are 
not limited to copper powder, cuprous oxide and copper I 
and copper II halides, such as copper I and copper II chlo- 
rides, bromides and iodides. In fact, any copper catalyst 
heretofore commonly used in the halogen exchange reac- 
tions can be employed. 
[0031] The catalyst may be present in any effective amount. The 
catalyst is preferably present in an amount in the range of 
from about 1 mole % to about 50 mole % with respect to 
the amount of aryl halide, more preferably in the range of 
from about 2 mole % to about 10 mole % with respect to 
the amount of aryl halide, and even more preferably in an 
amount that is about 5 mole % with respect to the amount 
of aryl halide. 

[0032] Any ligand suitable for use with the chosen catalyst may 
be used as the catalyst coordinating ligand in the iodina- 
tion reaction. Diamine ligands are particularly useful as 
catalyst coordinating ligands for preparing aryl iodides by 
this iodination reaction. In particular, 1,2-diamine ligands 
and 1,3-diamine ligands are preferred, and 
1,3-propanediamine is most preferred. In addition, 
mono- and bidentate nitrogen-containing heterocycle lig- 



ands, including but not limited to 1,10-phenanthroline, 
may be used as the catalyst coordinating ligand. 

[0033] The catalyst coordinating ligand may be present in any ef- 
fective amount. The catalyst coordinating ligand may 
preferably be present in an amount in the range of from 
about 1 mole % to about 50 mole % with respect to the 
amount of aryl halide, more preferably in the range of 
from about 2 mole % to about 25 mole % with respect to 
the amount of aryl halide, and even more preferably in an 
amount that is about 10 mole % with respect to the 
amount of aryl halide. 

[0034] The solvent to be used in the iodination reaction may be 
any polar organic solvent, such as tetrahydrofuran, diox- 
ane, xylene, n-alcohols, and mixtures thereof. In particu- 
lar, alcohols such as n-butanol, n-pentanol, n-hexanol, 
n-heptanol may be used. Preferably, in embodiments, 
low-cost, high-boiling alcohols, such as n-propanol, n- 
butanol and n-pentanol, and combinations thereof are 
used as the solvent. In some embodiments, the iodination 
reaction solvent has a boiling point of at least about 
100°C. In some further embodiments, the iodination reac- 
tion is carried out under pressure greater than standard 
pressure, in a solvent that has a boiling point of less than 



100°C at standard pressure. 

[0035] The reaction is carried out by stirring under heating. The 
reaction is preferably carried out under heating to a tem- 
perature of 100°C or more, more preferably 125°C or 
more, and most preferably 130°C or more. In addition, it 
may be desirable to reflux the solvent vapor, since iodine 
has sublimating properties and may deposit on the upper 
portion of the reaction vessel. 

[0036] The time necessary for the reaction to run to completion 
may vary with the identities of the reactants and solvent 
system. For example, a reaction to form 4-iodobiphenyl, 
in which the catalyst is Cul and the catalyst coordinating 
ligand is 1,3-propanediamine, may be complete after ap- 
proximately four (4) hours in a solvent of 1-hexanol, 
which has a boiling point of 156°C. However, the same re- 
action in a solvent of 1-pentanol, which has a boiling 
point of 136°C, may require a significantly longer reaction 
time — about 18 hours. 

[0037] After the conclusion of the reaction, the reaction mixture 
obtained is allowed to cool to 80°C, and the reaction mix- 
ture obtained is separated. Reaction products may be 
separated by any known or later developed method. Liq- 
uid products, for example, may be separated by extrac- 



tion and/or distillation, and solid products may be sepa- 
rated by crystallization. For example, in some embodi- 
ments, a reaction mixture may be diluted with 2 volume 
equivalents of 30 % ammonium hydroxide solution and al- 
lowed to cool further, resulting in product crystallization. 
The reaction product of the iodination reaction may be 
purified by any known method, such as chromatography 
or recrystallization. For example, recrystallization of 
4-iodobiphenyl from 1-hexane results in a highly pure 
product. 

[0038] The separated reaction product may be purified by recrys- 
tallization. If the reaction product is purified by recrystal- 
lization, the reaction product is dissolved in an organic 
solvent, such as methylene chloride, toluene, ethyl ac- 
etate, higher alcohols or the like. The organic phase 
formed by the reaction product and solvent may be 
washed with a dilute aqueous solution of a sodium salt, 
such as sodium thiosulfate or sodium carbonate. The or- 
ganic phase may be then washed with water, dried, and 
the solvent may be removed by distillation. The residue 
may be recrystallized from any suitable organic solvent. 
The organic solvent for recrystallization may be chosen 
from ethyl acetate, toluene, ethanol, and mixtures thereof. 



In addition, liquid products may be purified by vacuum 
distillation. 

[0039] The iodination reaction described herein may produce 
high yields of highly pure aryl iodides. Aryl iodide yields 
of at least about 75 %, particularly in the range of from 
about 85 % to about 95 %, and more particularly of about 
90 %, may be obtained. In addition, the aryl iodide recov- 
ered may be highly pure. The aryl iodides obtained may 
be at least 90 % pure; in particular, the aryl iodides may 
be at least 95 % pure; more particularly, the aryl iodides 
may be at least 98 % pure. The purity of the aryl iodides 
may be confirmed by any known or later developed ana- 
lytical techniques, including but not limited to high per- 
formance liquid chromatography, gas-liquid chromatog- 
raphy and nuclear magnetic resonance spectroscopy. 

[0040] a tertiary amine may be prepared by Ullmann condensa- 
tion of a secondary amine and the aryl iodide compound 
prepared by the above-described process. Specifically, tri- 
arylamines such as those used as hole transport small 
molecules and charge transport small molecules, may be 
prepared by Ullmann condensation of a diarylamine and 
an aryl iodide compound obtained by the process de- 
scribed above. A process by which triarylamines may be 



prepared is described in detail in, for example, U.S. Patent 
4,764,625 to Turner, et al., and as set forth below. 
[0041] The diarylamine has the general formula R^NH wherein 
R and R are the same or different members selected 

2 3 

from the group consisting of substituted and unsubsti- 
tuted aryl, alkaryl and aralkyl. Examples of these amines 
include but are not limited to diphenylamine, 
N,N , -3,4-(dimethyl)phenylamine, 
N,N'-bis(alkylphenyl)-(l,l , -biphenyl)-4,4 , -diamine 
wherein the alkyl is, for example, methyl, ethyl, propyl, n- 
butyl, etc., 

N.N'-diphenyl-N.N'-bisCchlorophenylHl.l'-biphenylM^' 
-diamine, 

N.N'-diphenyl-N.N'-bisCS-methylphenyO-Cl^'-biphenyl)- 
4,4'-diamine, and 

N,N-diphenyl-N,N-bis(3-hydroxphenyl)-(l,l"-biphenyl)- 
4,4"-diamine. 

[0042] The condensation reaction is conducted in the presence of 
potassium hydroxide and finely divided copper catalyst, in 
an inert atmosphere, such as argon, nitrogen, or methane. 
The condensation reaction may be conducted either in the 
absence of a solvent or with an inert saturated hydrocar- 
bon solvent. The reaction mixture may be maintained at a 



temperature between about 120°C and 190°C for a period 
of time sufficient to substantially complete the reaction. 
[0043] Any commercially available potassium hydroxide in flake 
or pellet form with a low water content can be employed. 
Examples of copper catalysts include but are not limited 
to, copper powder, cupric oxide, cuprous oxide, cuprous 
sulfate, cuprous sulfide, etc. In fact, any copper catalyst 
commonly used in the Ullmann condensation reaction may 
be used. 

[0044] The ratio of base to amine should be such that the base is 
present as an excess in relation to the amine. This excess 
can range from about 1.5:1 to about 6:1 moles. 

[0045] The temperature range for conducting the reaction can be 
from about 120°C to about 190°C, with the preferred reac- 
tion temperature being from about 135°C to about 165°C. 

[0046] The Ullmann condensation reaction of the present inven- 
tion may be carried out in the absence of a solvent when 
the intended product is very soluble at ambient tempera- 
ture in inert, high-boiling hydrocarbon solvents. When the 
intended product is at least relatively insoluble at ambient 
temperature in an inert hydrocarbon solvent, the use of 
potassium hydroxide yields a relatively pure product 
which can be further highly purified by recrystallization 



from the same solvent. 
[0047] The inert hydrocarbon solvent can be dodecane, tetrade- 
cane or any other hydrocarbon having an initial boiling 
point about above 170°C, or mixtures thereof. In particu- 
lar, SOLTROL* 170 (initial b.p. 218°C), which is a mixture 

® 

of C -C aliphatic hydrocarbons, and SOLTROL 130 

(initial b.p. 176°C), available from Phillips Chemical Com- 

® 

pany, are suitable solvent systems. The SOLTROL hydro- 
carbons dramatically reduce work-up times, yielding a 
much purer product while being less expensive solvents. 

[0048] Triarylamines formed by the above-described processes 
may be used as charge transporting molecules in charge 
transporting layers. Specifically, photoconductive imaging 
members for photoconductive photoreceptors and elec- 
trophotographic imaging members may comprise at least 
a charge transport layer comprising at least one triary- 
lamine formed by the above-described processes. 

[0049] Thus, this invention provides a simple, economical 

method for producing aryl iodides using fairly inexpensive 
reagents and mild reaction conditions to produce excel- 
lent yields of highly pure product. 

[0050] The following examples are provided for illustrative pur- 
poses only and are in no way intended to limit the scope 



of the invention. 
EXAMPLES Example 1 : Preparation of Iodobenzene 



[0051] 15,7 g (o.i mole) of bromobenzene is dissolved in 150 ml_ 
of n-pentanol. 2 equivalents of sodium iodide and 10 
mole % of 1,3-propanediamine are added to the bro- 
mobenzene solution. The reaction mixture is refluxed at 
130°C for eighteen (18) hours to produce iodobenzene, as 
shown in reaction scheme (4). 

[0052] [insert Chemica 
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(4) 



I Drawing (4)] 

[0053] The reaction proceeds very rapidly. The reaction mixture 
is cooled to 80°C and washed with a 30 % ammonium hy- 
droxide solution. The organic phase is washed with 
deionized water and brine. The organic phase is then 
dried over anhydrous sodium sulfate. The dried organic 
phase is subjected to rotary evaporation and/or vacuum 
distillation to afford a 92 % yield of high purity iodoben- 
zene. 



Example 2: Preparation of 4-Iodobiphenyl 



[0054] 30 g of 4-bromobiphenyl is dissolved in 40 ml_ of n- 

pentanol. 2 equivalents of sodium iodide and 10 mole % 
of 1,3-propanediamine are added to the 
4-bromobiphenyl solution. The reaction mixture is re- 
fluxed at 130°C for sixteen (16) hours to produce 
4-iodobiphenyl, as shown in reaction scheme (5). 

[0055] [| nsert chemical D 
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rawing (5)] 

[0056] jhe reaction proceeds very rapidly. The reaction mixture 
is cooled to 80°C and washed with a 30 % ammonium hy- 
droxide solution. The organic phase is washed with 
deionized water and brine. The organic phase is then 
dried over anhydrous sodium sulfate. The dried organic 
phase is subjected to rotary evaporation and/or vacuum 
distillation to afford crude product. The reaction mixture 
is recrystallized one time from n-pentanol, and a 92% 

yield of high purity 4-iodobiphenyl is obtained. 
Example 3: Preparation of N,N-bis(phenyl)-4-biphenylamine 



[0057] H43.5 g of recrystallized 4-iodobiphenyl, obtained in Ex- 
ample 2 is dissolved in 125 ml of ISOPAR M (trademark, 
Ashland Chemical), a commercially available mixture of 
high-boiling solvents having a boiling point of more than 
200°C. 760 g of diphenylamine, 846 g of potassium car- 
bonate, and 36.2 g of copper sulfate pentahydrate are 
added. The reaction mixture is placed under a nitrogen 
atmosphere and heated to 230°C for two (2) hours. The 
reaction product is allowed to cool to 80°C and 2000 ml of 
toluene is added. The reaction mixture is then slurry 
treated with 350 g of ENGELHARD F-20 activated clay 
(trademark, Engelhard Corporation). The clay is removed 
by filtration, and the solvent is removed by distillation un- 
der reduced pressure. 

[0058] The residue is recrystallized in octane to provide 1127.8 g 
of N,N-bis(phenyl)-4-biphenylamine. The product is char- 
acterized as follows: yield: 86%, purity: 98.9, melting 
point: 117-118°C. The purity of the product is sufficient 
for use as a charge transport material. 

[0059] while this invention has been described in conjunction 

with the exemplary embodiments outlined above, various 
alternatives, modifications, variations, improvements, 
and/or substantial equivalents, whether known or that 



are, or may be, presently unforeseen, may become appar- 
ent to those having at least ordinary skill in the art. Ac- 
cordingly, the exemplary embodiments of the invention, 
as set forth above, are intended to be illustrative, not lim- 
iting. Various changes may be made without departing 
from the spirit and scope of the invention. Therefore, the 
systems, methods and devices according to this invention 
are intended to embrace all known or later-developed al- 
ternatives, modifications, variations, improvements, and/ 
or substantial equivalents. 



